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[57) ABSTRACT

A traction control system is provided variable wheel
slippage sensing level depending upon the vehicle
speed. Adjustment of the wheel slippage sensing level
by varying wheel slippage detecting threshold to be
compared with preselected traction control parameter,
such as, wheel speed, wheel acceleration and so forth.
In practical control, wheel slippage sensability is low-
ered when the vehicle speed is lower than a given vehi-
cle high speed criterion so as to provide better vehicle
stating—up characteristics, and is rised when the vehicle
speed 1s higher than the vehicle high speed criterion so
as to provide h1gher driving stablhty

10 Claims, 9 Drawing Sheets
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AUTOMOTIVE TRACTION CONTROL SYSTEM
WITH FEATURE OF ADJUSTING WHEEL
SLIPPAGE DETECTING THRESHOLD LEVEL
DEPENDING UPON VEHICLE SPEED

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention related generally to a traction
control system for an automotive vehicle for detecting
wheel slippage, such as wheel-spin and wheel-skid so as,
to adjust driving torque to be applied to a vehicular
wheels. More specifically, the invention relates to a
traction control system which has a variable wheel
slippage detecting threshold depending upon vehicle

speed, so that sensitivity of wheel slippage can be ad-

justed depending upon the vehicle speed.
2. Description of the Background Art

In general, wheel slippage is reflected by a difference -

of an actual vehicle speed and an assumed vehicle speed
which is based on a wheel speed. When the actual vehi-
cle speed is lower than the assumed vehicle speed, it
means the driven wheel causes wheel spin. On the other
hand, when the actual vehicle speed is higher than the
assumed vehicle speed, it means the vehicle is skidding.

Wheel-spinning i1s caused by loss of road/tire traction.

Therefore, in such case, traction control has to be per-
formed in order to prevent the vehicular wheel from
spinning. On the other hand, wheel-skidding occurs
during application of abrupt braking and is caused by
locking of the wheel. For example, such traction con-
trols have been disclosed in U.S. Pat. No. 3,893,535,
issued on July §, 1975, to M. H. Burckhardt, et al. and in
Japanese Patent First Publication (Tokkat Showa) No.
59-68537, published on Apr. 18, 1984. In both cases, a
rotation speed of a driven wheel which is driven by an
engine output is compared with a rotation speed of a
non-driven wheel which rotates freely. The rotation
speed of the non-driven wheel is treated as a parameter
reflecting an actual vehicle speed.

The detection of the wheel slippage as disclosed in
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the aforementioned prior art is not applicable for anti- |

skid or traction control for a four-wheel drive wehicle.
Namely, a four-wheel drive vehicle has four driven
wheels and no non-driven wheel which is free from an
engine output.

Furthermore, when traction control is performed in a
substantially precise manner upon starting up the vehi-
cle running on the slippy or muddy road, driving torque
tends to be reduced at a level at which no wheel-spin
occurs at any wheels. This results in lack of driving
torque to make the vehicle impossible to start-up. On
the other hand, in order to allow the vehicle to start-up
- on the slippy or muddy road, precision of the traction
control has to be lowered. Lowering of precision will
allow wheel-spin on the wheels. This degrades drivabil-
ity when the vehicle is running at relatively high speed.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide a traction control system which is applicable
even for four-wheel drive vehicle.

Another obejct of the invention is to provide a trac-
tion control system which can derive approximate vehi-
cle speed indicative values even when it is applied for
traction control of a four-wheel drive vehicle.

A further object of the present invention is to provide
a traction control system which is variable of precision
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of detection of wheel slippage for adapting the traction
control to a vehicle driving condition.

A still further object of the present invention is to
provide a traction control system which can provide
sufficient driving torque for wheels upon starting-up of
the vehicle by lowering a precision level at a low vehi-
cle speed range and can provide sufficient driving sta-
bility by rising the precision level in a high vehicle
speed range. |

In order to accomplish the aforementioned and other
objects, a traction control system, according to the
present invention, is provided with a variable wheel
slippage sensing level depending upon the vehicle
speed. Adjustment of the wheel slippage sensing level is
done by varying a wheel slippage detecting threshold to
be compared with a preselected traction control param-
eter, such as, wheel speed, wheel acceleration and so
forth. |

In practical control, wheel slippage sensitivity is low-
ered when the vehicle speed is lower than a given vehi-
cle high speed criterion so as to provide better vehicle
stating-up characteristics, and is rised when the vehicle
speed is higher than the vehicle high speed criterion so
as to provide higher driving stability.

According to one aspect of the invention, a traction
control system for an automotive vehicle comprises first
sensor means for monitoring wheel speed of a first ve-
hicular wheel for producing a first wheel speed indica-
tive signal, means for deriving an approximate vehicle
speed representative value based on one of the first and
second wheel speed indicative signal, means for produc-
ing a reference signal to be compared with the first
wheel speed indicative signals, the reference signal
being indicative of a reference value variable depending
upon a vehicle speed, and means for comparing the first
wheel speed indicative signal value with the reference
value for producing a control signal to reduce driving

torque to be distributed to the vehicular wheels when

the first wheel speed indicative signal value becomes
greater than the reference value.

The reference signal producing means includes a
comparator for comparing the first wheel speed indica-
tive signal value with a predetermined criterion to se-
lect a first reference value for the reference signal when
the first wheel speed indicative signal value is greater
than the predetermined criterion and to select a second
reference value which is smaller than the first reference
value, when the first wheel speed indicative signal value
is smaller than the predetermined criterion. The refer-
ence signal producing means utilizing the first wheel
speed indicative signal as a vehicle speed indicative
parameter to detect the vehicle speed higher than and
lower than the predetermined criterion.

Alternatively, the reference signal producing means
includes a modifying value generator for deriving a
modifying value vanable depending upon the vehicle
speed to be added to a predetermined fixed reference
value for varying the reference value in the reference
signal depending upon the vehicle speed. The modify-
ing value decreases as the vehicle speed increases. The

- reference signal producing means utilizing the first

wheel speed indicative signal as a vehicle speed indica-
tive parameter for deriving the modifying value.

In the preferred embodiment, the traction control
system further comprises a second sensor means for
monitoring rotation speed of a second vehicular wheel
for producing a second wheel speed indicative signal,
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and the approximate vehicle speed representative value
deriving means selects one of the first and second wheel
speed indicative signal having a smaller value than the
other for deriving the approximate vehicle speed repre-
sentative value based thereon. The traction control
system further comprises means for deriving wheel
acceleration based on the selected one of the first and
second wheel speed indicative signals and comparing
the wheel acceleration with a given first acceleration
threshold to produce a first command for latching one
of the first and second wheel speed indicative signal
value, and the approximated vehicle speed representa-
tive value deriving means is responsive to the first com-
mand for latching one of the first and second wheel
speed indicative value to derive the approximate vehi-
cle speed representative value based on the latched
value. The reference signal generator also derives the
first acceleration threshold based on the selected one of
the first and second wheel speed indicative signals.

On the other hand, the approximate vehicle speed
representative value deriving means measures an
elapsed time from latching one of the first and second
wheel speed indicative signal values to derive a value as
a function of the elapsed time to be added for the
latched value for deriving the approximated vehicle
speed indicative value.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawmgs

FI1G. 1 1s a diagram showing the preferred embodi-
ment of a traction control system, in which the pre-
ferred embodiment of a wheel slippage derivation sys-
tem according to the invention, is incorporated;

FIG. 2 1s a graph showing a relationship between a

driving magnitude of a throttle servo motor and an
open angle of a throttle valve, which throttle servo

motor is employed in another embodiment of the trac-
tion control system of FIG. 11; and

FI1G. 3 is a timing chart showing variation of voltage
In a throttle servo system in the traction control system
-of FIG. 1.

FIG. 4 s a front elevation of a wheel speed sensor to
be employed in the preferred embodiment of the trac-
tion control system of FIG. 1;

FIG. 5 is an explanatory illustration showing de-
~ tained construction of the wheel speed sensor of FIG. 4;

FIG. 6 shows a waveform of the wheel sensor signal;

FIG. 7 is a block diagram showing the detail of the
preferred embodiment of the wheel slippage derivation
system in the traction control system of FIG. 1;

FIG. 8 is a timing chart showing operation of the
preferred embodiment of the wheel slippage derivation

system of FIG. 7
~ FIG. 9 shows relationship between a vehicle speed
and a wheel speed;

FIG. 10 shows characteristics of variation of the
AVy, arm and a,e7 to be utilized in wheel slippage
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detection in the first embodiment of the traction control

- system of FIG. 1;
FIG. 11 is a timing chart showing operation of the
- preferred embodiment of the traction control system of
FIG. 1;

FIG. 12 is a diagram shewing the second preferred
- embodiment of a traction control system, in which the
preferred embodiment of a wheel slippage derivation
system according to the invention; and

FIG. 13 shows characteristics of variation of the

AV, Qremrr and Qrefl tO be utrhzed in wheel slippage
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detection in the second embodiment of the traction
control system of FIG. 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, particularly to FIG.
1, the preferred embodiment of a traction control sys-
tem, according to the invention, controls road/tire trac-
tion at respective left-front wheel 1;, right-front wheel
1R, left-rear wheel 27 and right-rear wheel 2g, by con-
trolling a revolution speed of an automative engine 4. In
the shown embodiment, the preferred embodiment of
the traction control system is applied to a four wheel
drive vehicle. Therefore, all of the left-front wheel 1;,
right-front wheel 1g, left-rear wheel 27 and right-rear
wheel 2z are driven wheels. An output of the engine 5
1s distributed through a power transmission 5, a center
differential gear assembly 7, a front differential gear
assembly 8 or a rear differential gear assembly 9.

The preferred embodiment of a traction control sys-
tem generally adjusts an engine output torque for con-
trolling road/tire traction and reducing wheel slippage.
In order to adjust the engine output torque, an angular
position of a throttle valve 42 is controlled by means of
a throttle servo system which will be described later.
The throttle servo system is controlled by a controller
which generally detects wheel slippage to output a
control signal.

As shown in FIG. 1, the throttle servo system gener-
ally comprises an electric motor 45 connected to a
throttle valve shaft 42a through a reduction gear assem-
bly 44. The driving magnitude of the motor 45 is con-
trolled by a control signal having a value generally
indicative of a magnitude of depression of an accelera-
tor pedal 43. FIG. 2 shows the relationship between the
throttle valve angular position (open angle) and the
driving magnitude of the motor 45. As will be appreci-
ated herefrom, the throttle valve open angle varies in
linear fashion with respect to the driving magnitude of
the motor 45.

The terminals of the motor 45 are connected to relay
switch 46. The relay switch 46 is connected to an elec-
tric power source +E through a relay 47. The relay 47
1s associated with a solenoid 47a to be operated between
an open position and a closed position. The relay switch
46 is cooperative with the relay 47 so that the motor 45
is not driven while the solenoid 47q is deenergized to
hold the relay 47 at the open position. When the sole-
noid 47a is energized and the relay switch 46 is in a
position illustrated by the solid line in FIG. 2, the motor
45 1s driven in forward direction to increase the throttle
valve open angle. On the other hand, when the relay 47
is closed while the relay switch 46 is shifted to the posi-
tion illustrated by the phantom line in FIG. 2, the motor
1s driven in a reverse direction to reduce the throttle
valve open angle.

The relay switch 46 is associated with a solenoid 46a
for shifting between the positions illustrated by the solid
line and the phantom line in FIG. 11. The relay switch
position illustrated by the solid line will be hereafter
referred to as “forward position”. Similarly, thee relay
switch position illustrated by the phantom line will be
hereafter referred to as “reverse position”. The sole-
noids 46z and 47a are connected to the power source
+E at one terminals. The other terminals of the sole-
noids 46a and 47a are connected to collector electrodes

~of transistors 48 and 49 so that they are connected to the



5
ground through collector-emitter paths established in
the transistors 48 and 49.

The base electrode of the transistor 48 is connected to
the power source +E through collector-emitter path of
a transistor 50. The base electrode of the transistor 48 is
also connected to an output terminal of a comparator
51. On the other hand, the base electrode of the transis-

D

tor 49 is connected to the power source +E through

the collector-emitter path of a transistor 52 and to the
ground thrugh the collector-emitter path of a transistor
53. The base electrode of the transistor 49 is further
connected to an output terminal of a NAND gate 54.
One input terminal of the NAND gate 54 is connected
to the comparator 51. The other input terminal of the
NAND gate 54 is connected to a comparator 55.

The comparator 51 has a non-interting input terminal
connected to a throtle position detecting circuit 57. The
throttle position detecting circuit 57 is connected to a
rotary encoder 56 which 1s fixed to the throttle valve
shaft 42a. The rotary encoder 56 produces a pulse signal
at every given angle of throttle valve angular displace-
ment. The throttle position detecting circuit 57 counts
up and down the pulse signals from the rotary encoder

depending upon the direction of the throttle valve angu-
lar displacement, i.e. in the closing direction and open-
ing direction, to produce a throttle valve angular posi-
tion indicative signal having a voltage TH indicative of
the detected throttle valve angular position. The thottle
valve angular position indicative signal of the throttle
position detecting circuit 57 is voltage-divided by
means of resistors R; and Rj;. A diode D; is provided
between the voltage dividing resistors Ry and R; to
provide voltage difference at junctions d and e at the
amplitude corresponding to voltage drop caused by the
diode. The voltage difference at the junctions d and e
provides a hysterisis region as illustrated by the hutched
area in FIG. 3. As will be seen in FIG. 2, the potential
at the junction d is applied to the aforemention non-
inverting terminal of the comparator 51.

The inverting input terminal of the comparator 51 is
connected to an accelerator position sensor 58. The
accelerator position sensor 58 is designed to produce an
acclerator position indicative signal having a voltage
ACC variable depending upon the accelerator position.
The accelerator position indicative signal is voltage-
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divided by means of a voltage divider constituted by

resistors R3 and Rs. The potential at a junction f be-
tween the voltage dividing resistors R3zand R4 is applied
to the inverting terminal of the comparator 51. There-
fore, the comparator signal of the comparator 51 be-
comes a HIGH level when the throttle valve angular
position indicative signal input to the non-inverting
terminal, i.e., the potential at the junction d, is greater
than the accelerator position indicative signal, i.e., the
potential at the junction f.

On the other hand, the comparator 55 is connected to
the junction e at its inverting terminal to receive the
throttle valve angular position indicative signal as the
potential at the junction e. The non-inverting terminal
of the comparator 55 is connected to the junction f to
receive the accelerator position indicative signal as the
potential at the junction f. Therefore, the comparator
signal of the comparator 55 becomes a HIGH when the
potential at the junction e is smaller than the potential at
the junction f.

The base electrodes of the transistors 50, 52 and 53
are respectively connected to a control circuit 59.
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A base electrode of the transistor 53 is connected to
an OR gate 15. On the other hand, the base electrode of
the transistors 50 and 52 are connected to an AND gate
16. 'The gate 15 has one input terminal connected to an
AND gate 17. The other input terminal of the OR gate
15 1s connected to an output terminal of a comparater
18. The AND gate 16 has one input terminal connected

- to a comparator 20 and the other input terminal which

1s an inverting input terminal, connected to the output
terminal of the comparator 18. The AND gate 17 is
connected to the output terminal of the AND gate 16
via one inverting input terminal and to the output termi-
nal of a comparator 19. With this arrangement, the
AND gate 17 outputs logical HIGH level gate signal
when the gate signal of the AND gate 16 is logical
LOW level and a comparator signal from the compara-
tor 19 is logical HIGH level. The AND gate 16 outputs
a logical HIGH level gate signal when a comparator
signal from the comparator 18 is a logical LOW level

and a comparator signal from the comparator 20 is

logical HIGH level.

The comparator 18 is connected to a wheel accelera-
tion ay derivation circuit 23 at its inverting input termi-
nal. Non-inverting terminal of the comparator 18 is
connected to a reference signal generator which gener-
ates a reference signal having a value —b. The wheel
acceleration a,, derivation circuit 23 is also connected
to a non-inverting input terminal of the comparator 19.
An inverting input terminal of comparator 20 is con-
nected to a projected wheel speed derivation circuit 40.
Non-inverting input terminal of the comparator 20 is
connected to a subtraction circuit 24. Inverting input
terminal of the comparator 20 is also connected to the
select-L.LOW switch 39. |

The wheel acceleration derivation circuit 23 and the
subtraction circuit 24 are selectively connected to a
wheel speed derivation circuit 22a, 22b, 22¢ and 224 via
a select-LOW switch 25. The select-LOW switch 25 is
active for selecting one of the wheel speed indicative
signals from the wheel speed derivation circuits 224,
22D, 22¢ and 22d which has the smallest value among
the four values. -

The wheel speed derivation circuits 22a, 225, 22¢ and
224 are connected to respectively corresponding wheel
speed sensors 21a, 215, 22¢ and 21d. The wheel speed
derivation circuit 224 is connected to the wheel speed
sensor 21¢ monitoring rotation speed of a front-right
wheel 1R for producing a front-right wheel speed indic-
ative signal having a value V| representative thereof.
The wheel speed derivation circuit 225 is connected to
the wheel speed sensor 216 for monitoring rotation
speed of the front-left wheel 1L for producing a front-
left wheel speed indicative signal having a value V,;
representative thereof. The wheel speed derivation
circuit 22¢ 1s connected to the wheel speed sensor 21c
which monitors rotation speed of rear-right wheel 2R.
Similarly, the wheel speed derivation circuit 224  is
connected to the wheel speed sensor 214 which moni-
tors rotation speed of the rear-left wheel 2L.

As shown in FIGS. 4 and 5, the wheel speed sensor
21a generally comprises a sensor rotor 210 rotatable
with the associated front-right wheel 1R, and a sensor
assembly 211. The sensor assembly 211 is fixedly se-
cured to a shim portion 212 of a knuckle spindle 213.
The sensor rotor 210 is fixedly secured to a wheel hub
214 for rotation therewith. As particularly shown in
FIG. 4, the sensor rotor 210 is formed with a plurality of
sensor teeth 213 at regular angular intervals. The width
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of the teeth 215 and the grooves 216 therebetween are
equal in the shown embodiment and define to a unit
angle of wheel rotation. The sensor assembly 211 com-
prises a magnetic core 217 aligned with its north pole
(N) near the sensor rotor 210 and its south pople (S)
distal from the sensor rotor. A metal element 218 with
a smaller diameter section 218a is attached to the end of
the magnetic core 217 nearer the sensor rotor. The free
end of the metal element 218 faces the sensor teeth 21S.
An electromagnetic coil 219 encircles the smaller diam-
eter section 218a of the metal element 218. The electro-
magnetic coil 219 is designed to detect variations in the
magnetic field generated by the magnetic core 217 to
produce an alternating-current sensor signal as shown
in FIG. 6. That is, the metal element 218 and the mag-
netic core 217 form a kind of proximity switch which
adjusts the magnitude of the magnetic field depending
upon the distance between the free end of the metal
element 218 and the sensor rotor surface. Thus, the
intensity of the magnetic field fluctuates in relation to
the passage of the sensor teeth 218 and according in
relation to the angular velocity of the wheel.

It should be noted that the wheel speed sensors 215,

4,763,912
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21c¢ and 214 have identical structures as that of the

aforementioned wheel sensor 21a for the front-right
wheel 1R.

The wheel speed derivation circuits 22a, 225, 22¢ and
224 receive the alternating-current sensor signals from
- respectively associated wheel speed sensors 21a, 21),
21c and 21d and derive rotation speed Vi, Vi, Vi3
and V4 based on the frequency of the alternating-cur-
rent sensor signals from the associated wheel speed

sensors and radius of the corresponding wheels. Wheel
speed derivation circuits 225, 22¢ and 22d also receive
the alternating current sensor signals from respectively

associated wheel speed sensors 215, 21¢ and 214 for
deriving wheel speed V3, Vs and V.

Based on the result of arithmetic operation for deriv-
ing the wheel speed V,, the wheel speed derivation
circutts 22a, 22b, 22¢ and 22d feed wheel speed indica-
tive signals to the subtracting circuit 24 and the wheel
acceleration derivation circuit 23 via the select-LOW
switch 285.

‘The wheel acceleration derivation circuit 23 derives a
wheel acceleration a, based on variation of the value of
the wheel speed indicative signal input through the
select-LOW switch 25. The wheel acceleration a,, can
be derived by differentiating the wheel speed indicative
signal values or, in the alternative, in the manner de-
scribed in the European Patent First Publication No. 01
23 280. The disclosure of the aforementioned European
Patent First Publication is herein incorporated by refer-
ence for the sake of disclosure. The wheel acceleration
derivation circuit 23g produces a wheel acceleration
indicative signal indicative of the wheel acceleration
“ayw. The wheel acceleration derivation circuit 23 feeds
the wheel acceleration indicative signal to the compara-
tors 18 and 19.

As set forth above, the comparator 18 receives the
wheel acceleration indicative signal through the invert-
ing input terminal. On the other hand, the comparator
- 18 receives the deceleration reference signal indicative
of the deceleration threshold a,.7 from a deceleration
reference signal generator 13¢ in a reference value gen-
erator 13. The deceleration reference signal generator
13¢ selectively produces the deceleration reference
signals having different values e.g. —b;and —b; which
are smaller than —bj at —vy. The comparator 18 is re-
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sponsive to the wheel acceleration indicative signal
value a, smaller than the deceleration reference signal
value a,z to output the comparator signal having a
logical HIGH level. The comparator 18 produces the
comparator signal with the logical LOW level as long
as the wheel acceleration indicative signal value a, is
smaller than or equal to the deceleration reference sig-
nal value ae1.

The comparator 19 receives the wheel acceleration
indicative signal through the non-inverting input termi-
nal thereof. The inverting input terminal of the compar-
ator 19 1s connected to an acceleration reference signal
generator 13b of the reference value generator 13 to
recetve therefrom an acceleration reference signal in-
dicative of an acceleration threshold +a,./. The accel-
eration reference generator 136 generates different val-
ues of the acceleration reference signal, which varies
between +aj) and +aj which is greater than the value
+ai at + 8. The comparator 19 compares the wheel
acceleration indicative signal value a,, with the acceler-
ation reference signal value a,.zz so as to produce the
comparator signal with the logical HIGH level when
the wheel acceleration indicative signal value is greater
than the acceleration reference signal value. The com-
parator 19 produces the comparator signal with the
logical LOW level as long as the wheel acceleration
indicative signal value is held smaller than or equal to
the acceleration reference signal value.

The subtracting circuit 24 receives the wheel speed
indicative signal selected by the select-LOW switch 2S.
Also, the substracting circuit 24 receives a predeter-
mined acceptable wheel spinning magnitude indicative

value AV, from a slip reference generator 13a of the
reference value generator 13. The slip reference genera-
tor 13a generates two different values e.g. AV, and

AV 2 which has a greater value than the AV, value at
€. The acceptable wheel spinning magnitude indicative
value AV, represents a spinning magnitude slightly
greater than an inevitable slip caused in the power train.
The subtracting circuit 24 subtracts the acceptable
wheel spinning magnitude indicative value AV, from
the wheel speed indicative signal value V. The sub-
tracting circuit 24 produces an acceptable wheel speed
indicative signal indicative of the resultant of subtrac-
tion (Vo —AV ).

Therefore, the subtracting circuit 24 derives an ac-
ceptable wheel speed indicative signal value Vi,
(=Vw—AV,), which represents acceptable minimum
wheel speed to be regarded as a no wheel spinning
condition. The acceptable wheel speed indicative signal
1s input to the comparator 20 through its non-inverting
input terminal. The inverting input terminal of the com-
parator 20 is connected to the select-LOW switch 39.
The select-LOW switch 39 is connected to a select-
LOW switch 25. On the other hand, the select-LOW
switch 25 is connected to the wheel speed derivation
circults 22a, 22b, 22¢ and 224 for receiving therefrom
the wheel speed indicative signals indicative of the
wheel speeds V1, Vw2, Vuws and V4 of the associated
wheels 11, 1R, 2L and 2R.

The reference value generator 13 is connected to a
comparator 14 which is connected to the select-LOW
switch 25 at a non-inverting input terminal. The invert-
Ing input terminal of the comparator 14 is connected to
a reference signal generator producing a reference sig-
nal having a high vehicle speed criterion V. The com-
parator 14 thus produces a HIGH level comparator
signal when the wheel speed indicative signal value
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input through the select-LOW switch is greater than or
equal to the high vehicle speed criterion V. The refer-
ence value generator 13 1s responsive to the HIGH level
comparator signal to output the deceleration threshold
ar. with the threshold value —b; from the decelera-
tion reference signal generator 13¢, the acceleration
threshold a,.z with the threshold value +aj from the
acceleration reference signal generator 13b6, and the
~ acceptable wheel spinning magnitude indicative value
AV, with the value AV from the slip reference gener-
ator 13a. On the other hand, as long as the wheel speed
indicative signal from the select-LOW switch 25 is held
smaller than the high vehicle speed criterion V5, the
comparator signal level is held LOW. Therefore, the
reference value generator 13 outputs the deceleration
threshold a,.z with the threshold value —b; from the
deceleration reference signal generator 13¢, the acceler-
ation threshold a,.qy with the threshold value +a; from
the acceleration reference signal generator 135, and the
acceptable wheel spinning magnitude indicative value
AV, with the value AV, from the slip reference gener-
ator 13a.

Here, it 1s assumed that the actual vehicle speed may
be close to the corresponding value derived from the
minimum wheel speed value Vi, Vyu2, Vi and Vg
among the wheel speeds of fur wheels. Therefore, the
select-LOW switch 25 selects the wheel speed indica-
tive signal having the minimum value among the four
inputs thereof. The select-LOW switch 2§ thus passes
only one wheel speed indicative signal having the mini-
mum value to the select-LOW switch 39. The wheel
speed indicative signal selected by the select-LOW
switch 25 will be hereafter referred to as “minimum
wheel speed indicative signal” and the value indicated
in the minimum wheel speed indicative signal will be
hereafter referred to as “minimum wheel speed value
Vwr”. The minimum wheel speed indicative signal
from the select-LOW switch 25 is also fed to the pro-
jected wheel speed derivation circuit 40. The projected
wheel speed dedrivation circuit 40 derives a projected
vehicle speed V; based on the minimum wheel speed
indicative signal.

It should be appreciated that the projected vehicle
speed V;is a value corresponding to the wheel speed at
the projected vehicle speed arithmetically obtained
regardless of the wheel spinning and, in other words,
derived by setting the wheel spinning magnitude to
Zero.

The projected vehicle speed derivation circuit 40
produces a projected vehicle speed indicative signal
having a value V;representative of the projected vehi-
cle speed corresponding wheel speed value. The pro-
jected vehicle speed indicative signal is also fed to the
select-LOW switch 39. The select-LOW switch 39
compares the minimum wheel speed indicative signal
value with the projected vehicle speed indicative signal
value for selected one of two signal having smaller than
the other. One of the minimum wheel speed indicative
signal and the projected vehicle speed indicative signal
selected by the select-LOW switch 39 is output as a
vehicle speed V), indicative signal. This vehicle speed
Viwindicative signal serves as a vehicle speed reference
signal. The vehicle speed reference signal value Vi, is
compared with the acceptable wheel speed indicative
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speed reference signal value V;,. This means that the
wheel speed of the right-front wheel 1R is higher than
a possible wheel speed (Viw+AV,) corresponding to
the vehicle speed. In this case, wheel-spinning caused
on the front-right wheel 1R is detected.

FIG. 7 shows the detaill of the projected vehicle
speed derivation circuit 40 in the preferred embodiment
of the traction control system. The projected vehicle
speed derivation circuit 40 generally comprises a sam-
ple/hold circuit 400, a wheel acceleration derivation
circuit 401, a comparator 402, a differentiating circuit
403, a monostable multivibrator 404, an integrator cir-
cuit 406, an adder 407, OR gates 408 and 409 and in-
verter circuits 410 and 411.

The sample/hold circuit 400 receives the minimum
wheel speed indicative signal from the select-LLOW
switch 25 and samples the same. The sample/hold cir-
cuit 400 is connected to a switching transistor 400a and
responsive to turning ON of the latter in response to a
shot-pulse to hold the minimum wheel speed indicative
signal value V. The sample/hold circuit 400 produces
a held minimum wheel speed indicative signal based on
the held value V,, and feeds to the adder 407.

The wheel acceleration derivation circuit 401 derives
a wheel acceleration ay, based on the minimum wheel
speed indicative signal values V. The wheel accelera-
tion derivation circuit 401 produces an wheel accelera-
tion &, indicative signal based on the derived wheel
acceleration &;,. The wheel acceleration a,, indicative
signal 1s fed to a non-inverting input terminal of the
comparator 402. The comparator 402 is, on the other
hand, connected to the acceleration reference signal
generator to receive therefrom the acceleration thresh-
old a,.f at the inverting input terminal thereof.

The comparator 402 compares the wheel acceleration
a, with the acceleration threshold a4 to produce a
comparator signal. The logical level of the comparator
signal of the comparator 402 becomes HIGH when the
wheel acceleration &, is greater than the atceleration
threshold a,.m, and otherwise becomes LOW. The
HIGH level comparator signal of the comparator 402
triggers the monostable multivibrator 404 and the dif-
ferentiation circuit 403. The differentiation circuit 403
generates the shot-pulse in response to the leading edge
of the HIGH level comparator signal. On the other
hand, the monostable multivibrator 404 generates a

- HIGH level signal for a given period of time.

50

33

60

value Virer (= Vw1 —AVy1) of the subtraction circuit 24 65

in the comparator 20. The comparator 20 generates a
logical HIGH level comparator signal when the subtra-

tion circuit output is greater than or equal to the vehicle

The integrator 406 has a switching transistor 4064
which is turned ON in response to HIGH level gate
signal of the OR gate 409. The integrator circuit 406 is
reset in response to turning ON of the switching transis-
tor to clear the integrated value thereof. On the other
hand, the integrator circuit 406 integrates a variable m
from a coefficient m generator 405.

The coefficient m generator may comprise an invert-
ing amplifier 405. The variable —m of the inverting
amplifier 405 varies depending upon the driving torque
on the wheels. By employing driving torque depending
feature in derivation of the coefficient m, variation rate
of the approximated vehicle speed value according to
the elapsed time can be varied in relation to road fric-
tion. This makes derivation of the approximated vehicle
speed valuve V;more precise.

The integrator circuit 406 produces an integrator
signal indicative of an integrated value m , dt and
feeds same to the adder 407. The adder 407 receives the
held minimum wheel speed indicative signal and the
integrator signal to obtain a sum value thereof. The
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output of the adder 407 serves as the projected vehicle
speed V..

In the arrangement set forth above, derivation pro-
cess of the projected vehicle speed V; will be described
with reference to FIG. 8. It is assumed that, when the
minimum wheel speed V,, varies as shown by the solid
line in FIG. 8, the vehicle speed V. varies as shown in
the phantom line in FIG. 8. In this case, the wheel
acceleration &y derived from the minimum wheel speed
Vw varies across the acceleration threshold a,.mm at
times ty, t, t3, t4. As will be seen from FIG. 8, the wheel
acceleration & is held above the acceleration threshold
ar.myduring the period t to t; and t3 to t4. Therefore, the
signal level of the comparator signal of the comparator
402 is held HIGH during the period t; to t; and t3 to t4.
In response to the leading edge of the HIGH level com-
parator signal of the comparator 402, the monostable

multivibrator 404 is triggered for the given period of

time AT. The monostable multivibrator 404 is re-trig-
gered by every leading edge of the HIGH level com-
parator signal. Therefore, in the shown example, the
monostable multivibrator is re-triggered at the time t3in
response to the leading edge of the HIGH level compar-
ator signal produced at the time t3. Therefore, the given
period of time AT is renewed and therefor a HIGH
level output of the monostable multivibrator 404 is
maintained for the period AT from the time t3. In the
shown embodiment, the given period AT ends at a time
ts. Therefore, the output of the monostable multivibra-
tor 404 turns to a LOW level at the time ts. The HIGH
level output of the monostable multivibrator 404 is in-
- verted by the invertor circuits 410 and 411 and supplied
to the OR gates 408 and 409. Therefore, while the out-
put level of the monostable multivibrator 404 is held
HIGH, the input to the OR gates 408 and 409 from the

monostable multivibrator 404 is mamtalned at a LOW
level.

On the other hand, the differentiation circuit 403 is

also responsive to the leading edge of the HIGH level
comparator signal of the comparator 402. The differen-
tiation circuit 403 generates a shot-pulse as triggered by
the leading edge of the HIGH level comparator signal.
The shot-puise is fed to the OR gates 408 and 409. The
gate signals of the OR gates 408 and 409 turns HIGH in
response to the shot-pulse to turn the switching transis-
tors 400z and 4064 of the sample/hold circuit 400 and
the integration circuit 406 ON. Therefore, the switch-
ing transistors 400¢ and 4064 are turned on substantially
at the time t; and ts. |

As set forth, the sample/hold circuit 400 is responsive
to turning ON of the sw1tch1ng transistor 400z to hold
the instantaneous minimum wheel speed value V,.
Therefore, the minimum wheel speed value V,, is held
at the times t; and ts. Slmultaneously, the integration
circuit 406 is reset in responst to turning ON of the
switching transistor 406a. As reset, the integration cir-
cuit 406 re-starts the integrating operation for integrat-
ing the variable m from the coefficient m generator 405.
As will be appreciated that the integrated value m /*dt
represents the expected wheel speed variation in an
elapsed time from the times ty and t3. The sum of the
held minimum wheel speed value V, and the integrated

value m J/,f dt thus represents the projected instanta-
neous vehicle speed V;at each moment.
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On the other hand, at the time ts, the output level of 65

the monostable multivibrator 404 becomes LOW since
no HIGH level comparator signal is input within the
given trigger period AT of the monostable multivibra-
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tor from the t3. As a result, the inputs to the OR gates
408 and 409 through the inverters 410 and 411 become
HIGH. On the other hand, the differentiation circuit
403 is maintained in a non-triggered state due to absence
of the HIGH level comparator signal from the compar-
ator 402 after the time t3. As a result, the gate signals of
the OR gates 408 and 409 are maintained HIGH level
by the HIGH level inputs from the monostable multivi-
brator 404 as inverted by the inverters 410 and 411. As
a resuit, the switching transistors 400g and 406a are held
ON.

By maintaining the switching transistor 400z ON, the
sample/hold circuit 400 passes the instantaneous mini-
mum wheel speed values V,, from moment to moment.
Therefore, the instantaneous minimum wheel speed V,,
at each moment is input to the adder. At the same time,
since the switching transistor 406q is held ON, the inte-
gration circuit 406 is maintained to a reset state. There-
fore, the integrated value m /! dt is maintained zero.
Therefore, the output of the adder 407 to serve as the
projected vehicle speed V; becomes identical to the
minimum wheel speed V,, input from the sample/hold
circuit 400.

When the wheel speeds V1, Vi3, Vi3 and V4 0f the
front-right, front-left, rear-right, and rear-left wheels
1R, 1L, 2R and 2L vary as shown in FIG. 9, the select-
LOW switch 38 selects the minimum value among the
four wheel speed values. During the period I (shown in
FI1G. 7(B)), the wheel speed V3 has the smallest value
in comparison with other wheel speeds Vi and V0.
Therefore, during this period I, the wheel speed value
Vw3 1s taken as the minimum wheel speed value V,,. In
the period II, the wheel speed V3 becomes higher than
the wheel speed V3. Therefore, during the period II,
the wheel speeds V,, is taken as the minimum wheel
speed V,,. Furthermore, in the period III, the wheel
speed V1 drops below the wheel speeds V3 and V3,
therefor, the wheel speed V1 is taken as the minimum
wheel speed value V. In the period IV, the wheel
speed V,3 again becomes smallest. Therefore, in this
period 1V, the wheel Speed value V3 of the rear-right
wheel 2R 1s taken as the minimum wheel speed V..

As set forth above, the projected vehicle speed V;
derivation circuit derives the projected vehicle speed
Vbased on the minimum wheel speed V, selected as set
forth above and the driving torque signal from the
adder 41. The projected vehicle speed V;is compared
with the minimum wheel speed value V, in the select-
LOW switch 39. The select-LOW switch 39 selects one
of the smaller value than the other to output the vehicle
speed reference signal having a value V;, correspond-
Ing to a selected one of the projected vehicle speed V;
and the minimum wheel speed V,,. As set forth above,
the vehicle speed reference signal thus derived is fed to
the comparators 20a, 205, 20c and 204 from the select-
LOW switch 39.

F1G. 11 shows a timing chart showing the operation
of the preferred embodiment of the traction control
system of FIG. 1. In the example of FIG. 11, it is as-
sumed that all of front-right wheel 1R, front-left wheel
1L, rear-right wheel 2R and rear-left wheel 2L rotate in
synchronism with others at substantially the same rota-
tion speed. Therefore, the wheel speed V,, and the one
of the wheel speed indicative value V1, Vw2, Vw3 and
Vw4 would become the identical value.

In the shown example, the wheel acceleration a,,
exceeds the acceleration threshold a .z at times t1y, t13,
t17 and t{9. Therefore, at every times tyj, ti3, t17 and tjs,
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the comparator signal level of the comparator 402 of the
projected vehicle speed derivation circuit 40 becomes
HIGH. Therefore, the monostable multivibrator 404 is
triggered to produce the HIGH level outputs every .
times t11, t13, tj7 and tj9 in response to the leading edge 5
of the HIGH level comparator signal. At the same time,
the differentiation circuit 403 is triggered to output the
shot-pulses at the times t;1, t13, t17and ti9. Therefore, as
set forth above, the wheel speed V, at the times t;j, t13,
ti7and ty9 are held in the sample/hold circuit 400 of the 10
projected vehicle speed derivation circuit 40. There-
fore, after the times t1j, ti3, t17 and ty9, the projected
vehicle speed derivation circuit 40 outputs the arithmet-
ically obtained projected vehicle speed V; indicative
signal for the given period of time AT. The projected 15
vehicle speed V; indicated in the projected vehicle
speed indicative signal is then compared with the wheel
speed V in the select-LOW switch 39. The select-
LOW switch 39 selects smaller one of the projected
vehicle speed V;and the wheel speed V, to output the 20
vehicle speed reference signal indicative thereof. The
vehicle speed reference signal is input to the compara-
tors 20. ~

‘The comparators 20 compares the wheel speed V,
with a sum of the vehicle speed reference value V;, and 25
the aforementioned given value AV,. The comparator
20 produces HIGH level comparator signal while the
wheel speed V15 greater than or equal to the sum value
(Vin+A4AVy,).

On the other hand, the comparator 18 compares the 30
wheel acceleration a, derived by the wheel accelera-
tion derivation circuit 23 with the deceleration thresh-
old ars. The comparator signal of each comparator
184, 18H, 18c and 18d is maintained LOW while the
wheel acceleration a, is greater than the deceleration 35
threshold a,.z. In the shown example, the wheel accel-
eration a, decreases across the deceleration threshold
Qref1. at a time t15 and increases across the deceleration
threshold at a time ty6. Therefore, the comparator signal

-of the comparator 18 turns HIGH level at the time t;5 40
and maintained at HIGH level until the time ti5. Simi-
larly, the comparator 19 compares the wheel accelera-
tion a, with the acceleration threshold a,.s7. The signal
level of the comparator signal of the comparator 19 is
maintained LOW while the wheel acceleration is held 45
lower than the acceleration threshold and turns HIGH
when the wheel acceleration increases higher than or
equal to the acceleration threshold. The wheel accelera-
tion increases across the acceleration threshold a,.sy at
times to, t11, t13, t17 and tj9. The comparator signal of 50
the comparator 19 is maintained HIGH level while the
wheel acceleration ay is maintained higher than or
equal to the acceleration threshold a,.m.

The comparator signal of the comparator 18 and
comparator 20 1s input to the associated AND gate 16. 55
Therefore, the gate signal level of the AND gate 16
becomes HIGH while the comparator signal of the
comparator 18 i1s held LOW and the comparator signal
of the comparator 20 is maintained at a HIGH level.
Similarly the comparator signal 18 is fed to the OR gate 60
15. On the other hand, another input of the OR gate 15
1s connected to the output terminal of the AND gate 17.
The AND gate 17 outputs a HIGH level gate signal
when the gate signal of the AND gate 16 is held LOW
and the comparator signal of the comparator 19 is held 65
HIGH. Namely, the gate signal of the AND gate 17 is
held HIGH when the wheel speed V,, input from the
select-LOW switch 39 is greater than or equal to the
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output (V,—AV,) and wheel acceleration a,, is greater

- than or equal to the acceleration threshold a,.f#.

On the other hand, the gate signal of the OR gate 15
becomes a HIGH level when the gate signal of the
AND gate 17 1s HIGH and/or the comparator signal of
the comparator 18 is HIGH. Therefore, the gate signal
of the OR gate 15 becomes HIGH when the wheel
speed V, from the select-LOW switch 39 is greater than
or equal to the subtractor output (V, —AV,) and wheel
acceleration ay, 1s greater than or equal to the accelera-
tion threshold a,.f7, and/or the wheel acceleration a,, is
smaller than or equal to the deceleration threshold
aresr. In the shown example, the gate signal of the AND
gate 16 1s maintained HIGH during the period ti4to t15
and t3g to t21. On the other hand, the gate signal of the
OR gate 15 becomes HIGH during the period t11 to ti2,
t13 to 14, t15 tO 116, t17to 118, tioto t20. . .

The transistors 50 and 52 are turned ON in response
to HIGH level gate signal from the AND gate 16. On
the other hand, the transistor 53 is turned ON in re-
sponse to the HIGH level gate signal from the OR gate
15. While the transistors 53, 50 and 52 are maintained
OFF, the throttle servo system performs normal accel-
erator depression magnitude dependent throttle valve
control in response to the accelerator position indica-
tive signal from the accelerator position sensor 58.

In the normal control, assuming the accelerator pedal

- is operated to vary the accelerator position indicative

signal voltage ACC as illustrated in FIG. 3, the poten-
tial at the junction f between the voltage dividing resis-
tors R3 and R4 varies as illustrated by broken line in

- FI1G. 3. In response to accelerator pedal operation, the

throttle valve TH is controlled the angular position by
means of the servo system. According to variation of
the throttle valve angular displacement as illustrated in
FIG. 3, the potential at the junctions d and e varies as
shown. At a time t3p, the accelerator position indicative
signal voltage ACC increases as increasing of the de-
pression magnitude of the accelerator pedal 43. Accord-
ingly, the potential at the junction f increases to be
higher than the potential at the junction d and e. At this
time, the comparator signal of the comparator 51 is
maintained LOW level and the comparator signal of the

- comparator 55 becomes HIGH level. Therefore, the

transistor 48 1s held OFF to maintain the solenoid 464
deenergized. On the other hand, since the NAND con-
dition 1s established by the LOW level comparator sig-
nal from the comparator 51 and the HIGH level com-
parator signal from the comparator 54, the gate signal of
the NAND gate turns HIGH to turn the transistor 49
ON. As a result, the solenoide 47a 1s energized to start
power supply for the motor 45. At this time, since the
solenoid 46a is held deenergized, the relay switch 46 is
positioned at the position illustrated by the solid line in
FI1G. 1. Therefore, the motor 45 is driven in forward
direction to increase the throttle valve open angle.
According to increasing of the throttle valve open
angle, the throttle valve angular position indicative
signal voltage TH increase as illustrated in FIG. 3.
Accordingly, the potentials at the junctions d and e
increases. The forward direction drive of the motor 45
is maintained even after the increasing of the accelera-
tor depression stops to maintain the accelerator position
constant. At a time t3;, the potential d increases across
the potential at the junction f. This causes HIGH level
comparator signal from the comparator 51. Since the
potential at the junction f is maintained higher than the
potential at the junction e, at this time, the HIGH level
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comparator signal from the comparator 55 is main-
tained. As a result, the NAND condition is destroyed to
turn the gate signal of the NAND gate 54 LOW level.
As a result, the transistor 49 is turned OFF to deener-
gize the solenoid 47a of the relay 47. Therefore, the
relay 47 blocks power supply to the motor 45.

At the same time, since the comparator signal of the
comparator 51 turns HIGH, the transistor 48 turns ON
- to energize the solenoid 46a. Therefore, the relay
switch 46 is shifted to the reverse position.

By blocking of the power supply to the motor by

‘means of opening of the relay 47, the motor 45 stops
driving. Therefore, the throttle valve 42 is held in place.

At a time t3, the depression to the accelerator is re-
leased to return the accelerator pedal 43. According to
accelerator pedal returning magnitude, the accelerator
position indicative signal voltage ACC decreases.
Therefore, the potential at the junction f drops below
the potential at the junction e. Therefore, the compara-

tor signal of the comparator 55 turns LOW. This again

establishes the NAND condition to cause HIGH level
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gate signal of the NAND gate. Therefore, the transistor

49 1s again turned ON to energize the solenoid 47a. As
a result, power supply to the motor 45 is resumed. At
this time, since the potential at the junction f is held
lower than the potential at the junction d, the compara-
tor signal of the comparator 51 is held LOW. There-
fore, the relay switch 46 is held at the reverse position.
Therefore, by resuming power supply, the motor 45 is
driven in reverse direction to decrease the throttle
valve open angle. Reverse direction drive of the motor
435 is maintained even after the accelerator pedal return
movement stops, 1.€., 1s held at a constant position, until
the potential at the junction f becomes greater than the
petential at the junction e, at a time t33. In response to
the potential at the junction f greater than the potential
at the junction e, the comparator signal of the compara-
- tor 35 turns HIGH to distroy the NAND condition.
Therefore, the solenoid 472 is deenergized and thus
power supply is ceased. Therefore, the throttle valve 42
is held at the constant angular position.

At a time t3s4, the accelerator depression again starts
to increase the accelerator depression magnitude. It is
assumed that wheel spinning is caused by acceleration
of the engine speed and increasing of the torque exerted
on the wheels, wheel acceleration a, may become
greater than the acceleration threshold a,.z. As a re-
sult, the comparator signal of the comparator 19 turns
to a HIGH level to turn the gate signal of the AND gate
17 HIGH level. Therefore, the gate signal of the OR
- gate 15 turns HIGH at the time t34. In response to the
HIGH level gate signal from the OR gate 15, the tran-
sistor 53 ON. As a result, the base electrode of the tran-
sistor 49 is connected to the ground through the collec-
tor-emitter path of the transistor 53. Therefore, the
transistor 49 is turned OFF to deenergize the solenoid
47a to open the relay 47. Therefore, the power supply
to the motor 45 is blocked. Thic causes stopping of the
motor 45. Therefore, the throttle valve 42 is maintained

at the angular position immediately before the shutting

off of the power supply.

Subsequently, at the time {35, the input (V,,+AV,) at
the non-inverting input terminal of the comparator 20
becomes greater than the input (V) at the inverting
input terminal. Therefore, the comparator signal level
of the comparator 20 turns HIGH. It would be appreci-
ate that since the accelerator depression magnitude is
Increasing, the wheel acceleration a, is maintained
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greater than the deceleration threshold a7, the com-
parator signal of the comparator 18 is held LOW level.
Therefore, the gate signal of the AND gate 16 turns
HIGH. This makes the input to the OR gate from the
AND gate 17 LOW to turn the gate signal level of the
OR gate 15 LOW. Therefore, the transistors 50 and 52
are turned ON in response to the HIGH level gate
signal from the AND gate 16. On the other hand, the
transistor 33 is turned OFF in response to the LOW
level gate signal from the OR gate 15.

At this time, the base electrode of the transistor 49 is

connected to the power source +E through the collec-
tor-emitter path of the transistor 52. Therefore, the

transistor 49 is turned ON. Therefore, the solenoid 474
is energized to close the relay 47 for resuming the
power supply to the motor 45. At the same time, by
turning ON of the transistor 50, the base electrode of
the transistor 48 is connected to the power source +E
through the collector-emitter path of the transistor 50 to
be turned ON. Therefore, the relay switch 46 is shifted
to the reverse position. As a result, the throttle valve
open angle is decreased despite increasing of the accel-
erator depression mangitude. This causes decreasing of
the engine speed to decrease the driving torque to be
distributed to the wheels for resuming road/tire trac-
tion.

Returning to FIG. 11, at the time t;, the wheel accel-
eration a, increased across the acceleration threshold
Qrer. As a result, the gate signal of the OR gate 15 turns
to a HIGH level. In response to the HIGH level gate
signal from the OR gate 15, the associated transistor 53
turns ON to connect the base electrode of the transistor
49 to the ground. As a result, the transistor 49¢ is held
OFF. Thus, the solenoid 47a is maintained deenergized
to place the relay 47 in the open position to block power
supply. Therefore, the motor 45 is helded at the position
at the time tj;.

In the shown example, the wheel acceleration a,,
decreases across the acceleration threshold a,.zr while
the throttle valve 42 is held at the position of the time

t11 at the time tj2. In response to this, the gate signal

level of the OR gates 15 turns LOW. Therefore, the
transistor 53 is turned OFF to turn ON the transistor 49
by the HIGH level input from the NAND gate 54.
Therefore, the solenoid 47a is exergized to resume
power supply through the relay 47. At this time, since
the gate signal level of the AND gate 16 is held LOW
and thus the solenoid 46a is held deenergized to place
the switching relay 46 at the forward position, the
motor 45 1s driven in the forward direction to increase
the throttle valve open angle to increase the driving
torque at the wheels 1R, 1L, 2R and 2L. At a time t3,

- the wheel acceleration ay again increases across the

acceleration threshold a,./z. As a result, the gate signal
level of the OR gate 15 again turns HIGH. Therefore,
the power supply to the motor 45 is stopped to maintain
the throttle valve at the position at the time ti3.

At the time t14, the wheel speed V,, becomes greater

~ than the vehicle speed reference valve (V;,+AV,'
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This condition is detected by the comparator 20. In
response to the HIGH level comparator signals from
the comparators 20, the gate signal level of the AND
gate 16 are turned HIGH. Therefore, the transistors 50
and 52 are turned ON. At the same time, the gate signal
of the OR gate 15 turns LOW level. Therefore, the
solenoids 46a and 47a are both energized to drive the
motor 43 in a reverse direction to reduce the throttle
valve open angle.



17

At the time t15, the wheel speed V,, becomes lower
than the vehicle speed reference value (Viw+AVy) to
turn the comparator signal level of the comparator 20
LOW. This causes a LOW level gate signal of the AND
gate 16. As a result, the transistors 50 and 52 turn OFF
to deenergize the solenoid 46a of the switching relay 46.
Therefore, the switching relay 46 returns to the forward
position.

- At the time t1¢, the wheel acceleration a,, is recov-

ered across the deceleration threshold a,.7. The com-
parators 18 is responsive to increasing the wheel accel-
eration a, across the deceleration threshold a,.q to turn
the comparator signal level to LOW. As a result, the
gate signal level of the OR gate 15 turns LOW. There-
fore, the transistor 53 are turned OFF to turn the tran-
~sistor 49 ON to close the relay 47 to resume power
supply to the motor 45. Therefore, the motor 45 is
driven in forward direction to increase the driving
torque.

Similarly, since the wheel acceleration a, increases
across the acceleration threshold at a time t17, the motor
45 1s stopped by stopping the power supply to hold the
driving torque of the engine constant. In response to
drop of the wheel acceleration across the deceleration
threshold a,.s. at the time t;3, the power supply to the
motor 45 is resumed to again increase the driving
torque. At the time t;9, the wheel acceleration a,, again
Increases across the acceleration threshold a.r4. There-
fore, the power supply to the motor 45 is blocked to
stop driving to hold the throttle valve open angle con-
stant. At the time typ, the wheel speed V,, increases
across the vehicle speed reference value Vi, +AVy,.
Therefore, the motor 45 is driven in reverse direction to
reduce the throttle valve open angle to reduce the driv-
ing torque of the engine. The throttle valve open angle
1s contineously reduced until the time t31, at which the
wheel acceleration a, drops below the deceleration
threshold a,.f..

FIG. 12 shows the second embodiment of the traction
control system according to the present inventio. In this
embodiment, adders 61, 62, 63, a divider 60 and a con-
stant generator 64 are provided as a replacement of the
reference value generator 13 in the former embodiment.
The divider 60 is connected to the select-LOW switch
25 for receiving therefrom the minimum wheel speed
Indicative signal therefrom. The divider 60 is also con-
nected to the constant generator 64. The constant gen-
erator 64 produces a constant C indicative signal to be
input to the divider 60. The divider 60 divides the con-
stant C by the minimum wheel speed indicative signal
value to derive a vehicle speed dependent value C/V,,.
The vehicle speed dependent value is added to respec-
tive deceleration threshold a,. with a value —by, ac-
celeration threshold a,sy with a value +ag, and the
acceptable wheel spinning magnitude indicative value
AV, with a value AV, in the adder 63, 62 and 61. The
output values of the adders 61, 62 and 63 vary as illus-
trated in FIG. 13. Namely, the acceptable wheel spin-
ning magnitude indicative value AV, and the accelera-
tion threshold a,,m decrease as wheel speed V,, in-
creases. On the other hand, the deceleration threshold
LrefT INCreases as the wheel speed V, increases.

Therefore, even by the shown second embodiment,
vehicle speed dependent adjustment of the sensitivity of
wheel slippage can be accomplished.

As will be appreciated herefrom, the driving torque is
adjusted so as to avoid wheel-spin due to excessive
torque exerting on the wheels. In addition, according to
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the present invention, wheel slippaage 1s detected by
utilizing thresholds variable depending upon the vehicle
speed to provide sufficient driving torque in low vehicle
speed range for providing vehicle starting-up character-
1stics and to provide precise slip control in the high
vehicle speed range for providing better drivability.

Though the present invention has been disclosed
hereabove in terms of the preferred embodiment of the
invention, in which the throttle valve angular position is
controlled in order to control traction, it would be
possible to adjust driving torque at the wheels in other
ways. For example, it would be possible to adjust the
driving torque distribution for respective wheels by
adjusting slip in the power train. Therefore, the inven-
tion should be understood to include all of the possible
embodiments or modification of the shown embodi-
ment.

What is claimed is:

1. A traction control system for an automotive vehi-
cle comprising:

first sensor means for monitoring wheel speed of a

first vehicular wheel for producing a first wheel
speed indicative signal;

a second sensor means for monitoring wheel speed of

a second vehicular wheel for producing a second
wheel speed indicative signal;

means for deriving an approximated vehicle speed

representative value based on one of said first and
second wheel speed indicative signal;
means for producing a reference signal to be com-
pared with said first wheel speed indicative signal,
said reference signal being indicative of a reference
value variable depending upon a vehicle speed; and

means for comparing the first wheel speed indicative
signal value with said reference value for produc-
ing a control signal to reduce driving torque to be
distributed to said vehicular wheels when said first
wheel speed indicative signal value becomes
greater than said reference value. |

2. A traction control system as set forth in claim 1,
wherein said reference signal producing means includes
a comparator for comparing said first wheel speed in-
dicative signal value with a predetermined criterion to
select a first reference value for said reference signal
when said first wheel speed indicative signal value is
greater than said predetermined criterion and to select a
second reference value which is smaller than said first
reference value, when said first wheel speed indicative
signal value is smaller than said predetermined crite-
rion.

3. A traction control system as set forth in claim 2,
wherein said reference signal producing means utilizing
said first wheel speed indicative signal as a vehicle
speed indicative parameter to detect the vehicle speed
higher than and lower than said preminde criterion.

4. A traction control system as set forth in claim 1,
wherein said reference signal producing means includes
a modifying value generator for deriving a modifying
value variable depending upon the vehicle speed to be
added to a predetermined fixed reference value for
varying said reference value in said reference signal
depending upon the vehicle speed.

5. A traction control system as set forth in claim 4,
wherein said modifying value decreases as increasing
said vehicle speed.

6. A traction control system as set forth in claim 5,
wherein said reference signal producing means utilizing
said first wheel speed indicative signal as a vehicle



4,763,912

19

speed indicative parameter for deriving said mofifying
value. |

7. A traction control system as set forth in claim 1,
which further comprises a second sensor means for
monitoring rotation speed of a second vehicular wheel
for producing a second wheel speed indicative signal,
and said approximated vehicle speed representative
‘value deriving means select one of said first and second
wheel speed indicative signal having smaller value than
the other for deriving said approximated. vehicle speed
representative value based thereon.
8. A traction control system as set forth in claim 7,
which further comprises means for deriving wheel ac-
cleration based on said selected one of said first and
second wheel speed indicative signals and comparing
sald wheel acceleration with a given first acceleration
threshold to produce a first command for latching one
of said first and second wheel speed indicative signal
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value, and said approximated vehicle speed representa-
tive value deriving means is responsive to said first
command for latching one of said first and second
wheel speed indicative value to derive said approxi-
mated vehicle speed representative value based on the
latched value.

9. A traction control system as set forth in claim 8,
wherein said reference signal generator also derives said
first acceleration threshold based on said selected one of
said first and second wheel speed indicative signals.

10. A traction control system as set forth in claim 8,
wherein said approximated vehicle speed representative
value deriving means measures an elapsed time from
latching one of said first and second wheel speed indica-
tive signal value to derive a value as a function of said
elapsed time to be added for the latched value for deriv-

ing said approximated vehicle speed indicative value.
. * x x x
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